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Abstract 
This study analyzes the impact of climate change on maize production through 2030 with production functions for two 
important maize-producing regions in China: the Northeast region and the Southwest region. Variations in geographic, 
climatic, and socioeconomic conditions within the large country imply, however, that the impacts on maize production 
will likely be the opposite for the two regions. This finding challenges the prevalent view that the climate change has a 
universally negative effect on Chinese agriculture and implies that a higher flexibility of maize producing timing and a 
better regional adaptation to climate change in Southwest region could offset or even to outweigh the potential reduction 
of maize production in the Northeast region. It suggests that advanced inter-regional contracts and cooperation and of 
policies to stabilize regional agricultural labour force could be a cost-efficient risk mitigation strategy to mitigate the 
potential reduction of overall national maize production. 
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Scientists agree that emissions of anthropogenic and naturogenic greenhouse gases will continue to 
accelerate climate change and impact agriculture at the global scale [1][2][3]. Considering the existence of 
regional differences in climatic, geographic, and socioeconomic conditions, understanding the overall 
direction and the magnitude of the climate change effects on food production and proposing advanced risk 
mitigation strategies are essential for national and global food security. 
The majority of the past studies analysing the effects of climate change on crop production [4] [5] [6] [7], 
including those studying China [8] [9] [10], have used either agro-climate models or statistical models and 
have generally concluded that climate change will have a negative impact on crop production. Given the 
background of the large population and progressive aging issues, future food self-sufficiency in China is 
considered to be unsustainable and risky, leading to volatile international market conditions [11]. 
In this research, we examine the effect of climate change on maize production in two important maize-
producing regions in China: the Northeast region comprising Liaoning, Jilin, and Heilongjiang provinces and 
the Southwest region comprising Sichuan and Yunnan provinces (see Figure 1). As the world’s second largest 
producer (20%), second largest consumer (20%), and fifth largest importer (5%) of maize, the country’s 
production potential will have important implications for the global landscape of the agricultural industry. 
When the stability of maize production in major maize-producing countries like China becomes questionable 
under the combined pressure of climate change, structural changes of labor force, and the increased demand 
of renewable bioethanol energy, agricultural issues will not simply be concerns of a single country, but rather 
a world-wide issue. 
 
 
 
 
 
 
 
 
 
 
 
 
Provinces in China (region) % of maize production each province has on China Total (Ave 1988-2008) 
Liaoning (Northeast region) 7.63 
Jilin (Northeast region) 13.25 
Heilongjiang (Northeast region) 9.28 
Total (Northeast region) 30.16 
Sichuan (Southwest region) 5.37 
Yunnan (Southwest region) 3.32 
Total (Southwest region) 8.69 
Fig. 1. Geographical scope of this study 
Here we analyze and simulate the effects of climate change on maize production in two important maize 
producing regions in China from a global and multidisciplinary perspective. One aim of this research is to 
Northeast region 
Southwest region 
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propose cost-efficient risk mitigation and management strategies to combat potential reduction in maize 
production to contribute to the stability of international market price in agricultural commodity. In this 
research, we argue that for a large country like China, the climate change effects on crop production can be 
significantly different across domestic regions due to variations in geographic, climatic, and socioeconomic 
conditions, and therefore the whole-country approach undertaken by the previous studies may have 
overlooked the possibility of inter-regional production cooperation strategies that could largely mitigate the 
negative outcome. Indeed, our analysis suggests that the direction of production change as of 2030 in the 
Northeast and Southwest regions will likely be opposite. Our results thus indicate that prior inter-regional 
cooperation schemes and contracts, as well as policies stabilizing agricultural labour force working in the 
agricultural sector can significantly mitigate the whole-country risk of reduced maize production. Given the 
size of the Chinese market, these strategies are also expected to contribute to stability of the international 
commodity market. 
2. Methods 
This research extends the economic framework of production functions to incorporate climatic variables 
(temperature and precipitation) in addition to the traditionally included production inputs (land, labour, 
machinery, and chemical fertilisers). Monthly averages of temperature and precipitation for the months that 
correspond to the most sensitive periods in plant growth for maize are used rather than simple annual averages 
in order to better capture the sensitivity of production to the environment [12]. These months correspond to 
the key planting and growing stages (vegetative and reproductive stage) of crop development, which fall in 
May, June and July in the Northeast region and March, April and August in the Southwest region. The latter 
has two climate sensitive periods because of the double-cropping system. 
In this research, the ‘CO2 fertiliser effect’ is assumed to have no enhancing effect on maize output as the 
interaction of carbon dioxide with other environmental variables remains uncertain and continues to be 
debated among scientists [13]. The resultant production function (1) is estimated in double logarithmic form 
as: 
lnY = β0 +βalnA +β2lnL +β3lnMA +β4lnCF +β5(0.5Tp+0.5Tv)+β6(0.5Tp+0.5Tv)+β6(0.5Rp+0.5Rv) 
+β8(0.5Rp+0.5Rv)2                                                                                                                            (1) 
where: Y is the maize production (bushels), A the planted area of maize (acre), L the number of agricultural 
labour force that directly contribute to the processes of maize production (persons), MA is agricultural 
machinery use where the annual maize machinery cost is deflated by agricultural means of production price 
index, and CF is the amount of chemical fertiliser applied to maize (bushels). Tp and Tv are temperatures 
corresponding to the planting and growing stages of maize, whereas Rp and Rv are precipitations during the 
same periods. 
The equation was estimated with panel data collected from three provinces in the Northeast region 
(Liaoning, Jilin and Heilongjiang) and two provinces in the Southwest region (Sichuan and Yunnan) over the 
time period from 1992 to 2008. For the climate variables, six weather stations in each province that are closest 
to maize producing sites and equipped with complete daily data over the analysis period were chosen from 
National Climate Data Center. These data were then pooled, averaged, and converted to produce provincial 
monthly variables. Hence, 51 observations across the Northeast region and 34 observations across the 
Southwest region are included in the regression. 
The data on maize production in each province were obtained from the U.S. Department of Agriculture. 
Among physical inputs, data on land, machinery, and chemical fertiliser were collected from the national 
statistics. Due to data limitations, the cost of machinery, the only variable expressed in its monetary value, 
was deflated by the production price index for each province. As the size of the labour force engaging in 
maize production was not directly observable, each province’s agricultural population in rural area calculated 
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from the labour data was multiplied by the share of maize production in agriculture to estimate the value. 
The estimated production functions were then used to forecast the effect of the climate change on maize 
production in each region over the period from 2009 to 2030. To simulate the overall trend, provincial data 
were combined together to produce regional variables as required. Maize production was simulated under five 
scenarios for future changes in temperature: (1) no change from the 2008 level, (2) mild change (3) moderate 
change (4) pessimistic change, and (5) extreme change. Changes in temperature over the simulation period 
were set at 0.32°C (mild), 0.72°C (moderate), and 1.32C° (pessimistic and extreme) above the 2008 levels, 
corresponding to the projected changes indicated in the Fourth Assessment Report of the Intergovernmental 
Panel of Climate Change [3]. Since the consensus on future precipitation patterns has not been established, 
changes in precipitation over the analysis period were not presupposed. Instead, two patterns were simulated 
for each of the four assumptions on temperature change, namely to increase and decrease by 2.5% (mild), 5% 
(moderate), 10% (pessimistic), and 30% (extreme) from the 2008 level.  
Thus, a total of nine scenarios were simulated for each region under two sets of assumptions on the human-
controllable variables. In the first set of simulations, only the temperature and the precipitation variables were 
changed for each climate scenario, with all human-controllable variables fixed at the 2008 level (see Figure 2). 
In the second set of simulations, agricultural labour force and machinery input were also changed for each 
year of the analysis period (see Figure 3). Of the two variables, the change in agricultural labour force was 
considered because of China’s rapid economic development and urbanisation. The change in machinery input 
was considered because its penetration may offset the decline in production through labour shortage, and thus 
ignoring this effect may lead to overestimation of the effect of the population decline. 
For the second set of simulations, the cohort-component method was used to project the structural change 
in agricultural population. Data on working population by age cohort and gender were collected from the 
government data and processed to estimate the rural population available for maize production at each year. 
For each province, the rural population in each 5-year cohort at the base year t was first multiplied by the 
cohort-change rate to estimate the population in the next-up cohort at year t + 5. At the calculation of the 
cohort-change rate, both the survival rate and the net migration rate were taken into consideration. Given the 
time span of the analysis focus (2008-2030), these two rates were assumed to stay at the 2003 to 2008 levels 
for the duration of the analysis. For prediction of population belonging to the youngest age cohort of 0–4, the 
real-life ratio (female/male) of children to women of childbearing age (between 15 and 49) was used. 
Of the estimated rural population, those falling on the working age between 15 and 64 were aggregated to 
produce the size of rural labour force. This figure was then multiplied by the ratio of labour force engaging in 
maize production to produce the size of labour force available for maize production in each province, each 
year. For the forecast on machinery use, the annual rate of change between 1992 and 2008 was averaged to 
produce the annual rate of change to be applied throughout the simulation period. This rate was then applied 
to the baseline data of 2008 to obtain the annual use of machinery in each province, each year. 
3. Results 
1.1 Contribution of each input to maize production 
In the first stage of our analysis, we estimate the current contributions for each economic and climatic 
factor in influencing maize output by estimating a production function for both Chinese regions (see Table 1). 
The Northeast region, which ranges from 40°N to 47°N in latitude, has an annual accumulated temperature 
(over 10°C) between 2200 and 2800°C. Maize is planted under a single-cropping system in May, when the 
optimal soil temperature is reached for germination. June and July correspond to the key-growing season. The 
Southwest region, ranging from 22°N to 31°N in latitude, has an annual accumulated temperature between 
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5000 and 6000°C [14]. Maize in this region is planted under a double-cropping system with rice, rapeseeds, 
potatoes or various kinds of legumes, typically in mid-March and April for the spring planting season, and 
August for the key-growing season. 
The estimated production functions indicate that among human-controllable inputs, planting area has the 
highest output “elasticity” in both the regions. In the Northeast region, a 1% increase in land leads to an 
increase in maize production of 0.468%, holding all other factors constant; in the Southwest region, the figure 
is 0.604%. While both elasticity estimates indicate diminishing returns to scale, the comparatively higher 
elasticity for the Southwest region also reflects that land is an important limiting factor in the region. 
Table 1. Estimation results for the Northeast and Southwest regions 
Explained variable, ln 
 (maize outputs) 
China Northeast region China Southwest region 
Explanatory variables Coefficients (t-values) Coefficients (t-value) 
Constant -13.76 (-1.78) -12.55 (-2.31) 
ln(A) 0.47 (2.29) 0.6 (4.65) 
ln(L) 0.42 (3.10) 0.49 (2.60) 
ln(MA) 0.06 (1.19) 0.03 (2.67) 
ln(CF) 0.21 (1.93) 0.13 (1.41) 
(Tp·0.5 + Tv·0.5) 1.75 (2.08) 1.17 (2.25) 
(Tp·0.5 + Tv·0.5)2 -0.05 (-2.20) -0.03 (-2.04) 
(Rp·0.5 + Rv·0.5) -2.00·10-3 (1.63) -2·10-3 (1.99) 
(Rp·0.5 + Rv·0.5)2 -8.44·10-6 (-1.99) -6.20·10-6 (-1.94) 
R squired 0.86 0.92 
Adjusted R squired 0.83 0.89 
D.W. 1.57 1.76 
Across the country, manual labour remains to be an important input to maize production. A 1% increase in 
labour force increases maize output by 0.425% in the Northeast region, holding all other factors constant, and 
by 0.489% in the Southwest region. Our results suggest that a 1% increase in agricultural machinery increases 
maize output by 0.059% in the Northeast regions, all else constant, and by 0.034% in the Southwest region. 
The smaller effect shown for the Southwest region is likely the result of its topography, on which small-scale, 
terraced farmlands can be observed. Despite being the largest source of expenditure for Chinese maize 
producers, the contribution of chemical fertiliser to the maize production is smaller relative to the other main 
inputs. A 1% increase in chemical fertiliser application increases maize production by 0.21% in the Northeast 
region and by 0.13% in the Southwest region. 
Diverting from production factors, climate inputs are found to have obvious opposite effects on maize 
production in the two regions. In Northeast region, average temperature over the analysis period in 2008 
(18.46°C) is already over the peak temperature (17.87°C), holding all other factors constant. A 1°C increase 
further above the 2008 level is found to decrease maize production by 10.18%. On the other hand, 
Southwestern average temperature in 2008 (19.18°C) is below the turning point of temperature (21.61°C), 
holding all other factors constant. A 1°C increase above 2008 level is found to increase maize production 
10.98%. A better response in the Southwestern China is likely the result of flexible timing of regional maize 
production. 
Similarly, Northeastern average precipitation over the analysis period in 2008 (127.09mm) is also over the 
regional turning point of precipitation level (112.90mm). Though the effect is small, a 1mm increase further 
above the 2008 level is found to decrease maize production by 0.02%. In contrast, the Southwestern average 
precipitation in 2008 (127.48mm) is below the peak precipitation level (172.56mm). A 1mm increase in 
precipitation above the 2008 level is found to increase maize production by 0.06%. A relatively higher result 
in the Southwest implies the importance of water supply to maize production and is consistent with an earlier 
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report that Southern precipitation in spring is a limiting factor [14]. 
1.2 Production forecast to 2030 
Based on the estimated production function, maize production was simulated under five climate scenarios 
for future changes in temperature for 2009-2030.  In addition, each climate change scenario was simulated 
under two sets of assumptions on the human-controllable variables.  
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Fig. 2. Impacts of the climate change on maize production (production inputs are fixed at the 2008 level) in (a) Northeast region; (b) 
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Fig. 3. Impacts of the climate change on maize production (changes in agricultural population and machinery use assumed based on our 
separate analysis) in (a) Northeast region; (b) Southeast region 
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When the human-controllable inputs are fixed at the 2008 level, the two regions have completely different 
responses to the climate change (see Figure 2). In the Northeast region, climate change has a negative impact 
on maize production over the next two decades. This finding is in line with the results of the entire-country 
analysis carried out in previous studies [6] [11]. For a given level of temperature increase, the direction of 
change in the precipitation pattern does not matter much. In the Northeast region, precipitation during the 
climate sensitive stages of maize growth accounts for 62–67% of total annual precipitation. In other words, 
rainfall does not seem to be a limiting factor as far as maize production is concerned. Thus, the overall effects 
of climate variation on maize production are negative, consistent with the estimated results found by Tan and 
Shibasaki [6] and Lester Brown [11].  
Under the extreme scenario where the temperature increases by 1.32°C and the precipitation by 30% from 
the 2008 levels, maize production in 2030 is predicted to decrease by 17% from 624 million bushels to 518 
million bushels. Under the other extreme scenario where the temperature increases by 1.32°C and the 
precipitation decreases by 30%, the forecasted output decreases by 18% to 511 million bushels. 
Regional differences of environmental, socioeconomic, and geographic conditions makes maize outputs in 
Southwest region respond oppositely to that in Northeast region. Contrastingly, the Southwest region is 
forecasted to experience an increase in maize production. In the Southwest region, warmer climate enables 
farmers to produce maize more than once in a year. Flexibility of producing timing thus enables the region to 
better adapt to climate change, and hence a further variation of climate is found to increase maize output even 
further above the 2008 levels.  
In Southwest region, the change in precipitation also affects the production. An increase in precipitation in 
climate sensitive periods of maize production can increase the soil moisture and mitigate the negative effects 
of the increased temperature on maize plants, and hence is linked to the development health of maize and the 
final outcomes of maize outputs. These results are consistent with an earlier report that the precipitation in 
spring has been the limiting factor in China’s Southwest [14]. 
Under the same extreme scenario where temperature increases by 1.32°C and precipitation by 30% from 
the 2008 levels, the Southwest’s maize production in 2030 is forecasted to increases by 22% from 216 million 
bushels to 263 million bushels. If the precipitation decreases by 30%, the production increases by 15% to 249 
million bushels.    
When the climate change is accompanied by a decline in agricultural labour force, the simulation result 
was less optimistic for both national and international food security. In China, agricultural sector and maize 
production highly depend on labor force. The reduction of agricultural labor population induced by a 
structural change of agricultural labor force and aging could lead to a decrease in final maize outputs, even 
under which substitution of human labour by machinery was also incorporated. 
In the Northeast region, the extreme increase in temperature leads to a decrease in maize production in 
2030 by 34.6% (with increased rain) and 35.4% (with decreased rain) from the 2008 level (see Figure 3). 
These results correspond to only 79% of maize output realised under the assumption of constant labour force 
and machinery use. Even in the Southwest region, the production will decrease rather than increase, by 6% 
and 11% under the respective precipitation change. These results are only 78% of what would be produced if 
labour force and machinery use stay at the 2008 level. A relatively higher vulnerability of maize production in 
the Southwest region is related to the limitation of its terraced, sloped geography. Machinery cannot be 
efficiently used in such lands. It is worthwhile noting that the above results were derived from 
multidisciplinary perspective considered model that included climatic, biophysical, and socioeconomic 
elements in the underlying production function, corresponding to the analysis target set by IPCC.  
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4. Discussions 
Under the current level of production inputs, maize production has been forecasted to decrease in the 
Northeast region but increase in the Southwest region, corresponding to the real conditions of maize 
production in the 2012. This finding challenges the prevalent view that the climate change has a universally 
negative effect on Chinese agriculture and implies that a higher flexibility of maize producing timing and a 
better regional adaptation to climate change in Southwest region can cover the potential reduction of maize 
production in the Northeast region. It suggests that regional cooperation in a format of advanced contracts 
could be a cost-efficient risk mitigation strategy to mitigate the potential reduction of overall national maize 
production. The success of such a mitigation strategy, however, is contingent on sufficient labour force 
supporting production for many years to come. Aging could be an issue along with time as the current average 
age of agricultural labor population in China is mid 40’s. Our simulation result suggested that the national 
maize production stabilizing effect in the southwest region will be cancelled out altogether if the current speed 
of out-migration continues. It is therefore critically important to ensure stability of agricultural population. 
5. Conclusion 
This study analyzes the impact of climate change on maize production through 2030 for two important 
maize-producing regions in China: the Northeast region and the Southwest region. Variations in geographic, 
climatic, and socioeconomic conditions within the large country imply, however, that the impacts on maize 
production will likely be the opposite for the two regions. This finding challenges the prevalent view that the 
climate change has a universally negative effect on Chinese agriculture and implies that a higher flexibility of 
maize producing timing and a better regional adaptation to climate change in Southwest region could offset or 
even to outweigh the potential reduction of maize production in the Northeast region. It suggests that 
advanced inter-regional contracts and cooperation and of policies to stabilize regional agricultural labour 
force could be a cost-efficient risk mitigation strategy to mitigate the potential reduction of overall national 
maize production. Given the size of the Chinese market, these findings are also expected to impact the 
stability of food production self-sufficiency in China and the price stability of the international commodity 
market. 
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